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Background Mobile markets are an increasingly popular method for providing access
to fresh fruits and vegetables (F/V) in underserved communities; however, evaluation of
these programs is limited, as are descriptions of their development, study designs, and
needs of the populations they serve.
Objective Our aim was to describe the development and theoretical basis for Veggie
Van (VV), a mobile produce market intervention, the study design for the VV evaluation,
and baseline characteristics of the study population.
Design The protocol and sample for a cluster-randomized controlled trial with 12 sites
are described.
Participants/setting Community partner organizations in the Triangle region of North
Carolina that primarily served lower-income families or were located in areas that had
limited access to fresh produce were recruited. Eligible individuals at each site (older
than 18 years of age, self-identified as the main shoppers for their household, and
expressed interest in using a mobile market) were targeted for enrollment. A total of
201 participants at 12 sites participated in the VV program and evaluation, which was
implemented from November 2013 to March 2016.
Main outcome measures Change in F/V intake (cups/day), derived from self-reported
responses to the National Cancer Institute F/V screener, was the main outcome measure.
Statistical analyses performed We performed a descriptive analysis of baseline
sample characteristics.
Results Mean reported F/V intake was 3.4 cups/day. Participants reported generally
having some access to fresh F/V, and 57.7% agreed they could afford enough F/V to feed
their family. The most frequently cited barriers were cost (55.7%) and time to prepare
F/V (20.4%). Self-efficacy was lowest for buying more F/V than usual and trying new
vegetables.
Conclusions By addressing cost and convenience and building skills for purchasing and
preparing F/V, the VV has the potential to improve F/V consumption in underserved
communities.
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TUDIES IN THE UNITED STATES HAVE CONSISTENTLY
found that lower-income individuals consume fewer
fruits and vegetables (F/V) than higher-income in-
dividuals.1-3 A healthy diet, including F/V, helps sup-
port healthy weight and reduces the risk of diet-related 
chronic disease.4,5 In turn, overweight and obesity rates are 
usually highest in neighborhoods with limited incomes and 
high poverty rates.6,7 Lower-income neighborhoods tend to 
have fewer healthy food outlets (grocery stores, supermar-
kets, farmers’ markets) and a higher proportion of 
convenience stores or fast-food restaurants that sell 
low-nutritional-value foods.8,9 Thus, poorer diets andsubsequent higher rates of diet-related chronic disease 
among lower-income individuals may be partially attributed 
to reduced access to fresh F/V and other healthy foods.
F/V access is affected by several factors, including avail-
ability, accessibility, affordability, acceptability, and accom-
modation.10 While F/V availability is limited in many areas, 
even in areas where healthy food appears abundant (ie, high 
availability), many lower-income individuals do not perceive 
they can access F/V because of cost (affordability); trans-
portation (accessibility); low quality or variety (accept-
ability); limited store/market hours (accommodation); or 
other personal-level factors, such as lack of nutrition
RESEARCH SNAPSHOT
Research Question: What are the characteristics of people
who are interested in shopping at a theory-based mobile
produce market (Veggie Van), which was designed to
increase fruit and vegetable (F/V) access among lower-
income individuals?
Key Findings: While objective and subjective measures
indicated that participants had some access to fresh F/V in
their neighborhood, F/V intake was still low in this
population. The Veggie Van program may help participants
overcome common barriers to eating F/V (eg, time and cost)
and improve their self-efficacy (ie, confidence in their own
ability) for purchasing, eating, and preparing fresh produce.education or food preparation skills.11-14 Previous research 
among low-income North Carolinians found that the most 
commonly cited barriers to eating F/V were cost and not 
having time to prepare F/V.15
While access to healthy food is theoretically important for 
improving dietary intake and overall health, research on the 
role of the food environment has been largely limited to 
cross-sectional observational studies,16 and there is limited 
literature on the effects of interventions to increase avail-
ability of food retail outlets.17 A 2009 summary of food 
environment research concluded that the presence of grocery 
stores or supermarkets in communities was likely associated 
with increased F/V intake, however, these conclusions were 
based primarily on cross-sectional studies.18 A more recent 
analysis of longitudinal data collected from young adults re-
ported that geographic access to more supermarkets was not 
related to F/V consumption.19 Another study used a natural 
experiment to compare changes over time in an underserved 
neighborhood in Pittsburgh, PA, where a new grocery store 
was built, to that of a similar neighborhood that did not 
receive a new store. Residents in the neighborhood with the 
new grocery store showed improvements in diet quality, but 
there were no changes in body mass index (calculated as 
kg/m2), F/V intake, or whole-grain consumption.20 The gro-
cery store did improve residents’ perceived access to healthy 
food and neighborhood satisfaction. Surprisingly, changes in 
diet, perceived access to healthy food, and neighborhood 
satisfaction occurred regardless of whether residents were 
frequent shoppers of the grocery store.
The few intervention studies that focused on improving F/V 
access and intake have been implemented using preepost 
designs. The Veggie Mobile in Albany, NY, sold fresh pro-
duce to individuals living in a senior housing community; 
people who used the program increased their average F/V 
intake by 0.37 servings/day (about 0.19 cups).21 Another 
study implemented a farmer’s market program at a South 
Carolina federally qualified health center and found an in-
crease in F/V of 1.6 servings/day (about 0.8 cups).22 Lastly, a 
study of a farm stand in a lower-income community found 
that F/V intake in the surrounding community increased 0.42 
servings/day (about 0.21 cups); while this overall difference 
was not statistically significant (P¼0.21), they did show sta-
tistically significant increases in consumption of fruit, juice, 
tomatoes, salad, and other vegetables, but again lacked use of 
a control group.23 All of these studies were limited to a single 
population and location.
A pilot evaluation of the Veggie Van (VV) program in North 
Carolina improved upon previous work by looking at the 
impact of a mobile produce market in multiple communities 
over nearly 3 years. VV delivered weekly boxes of fresh, local 
produce and nutrition education in communities with 
limited access to fresh F/V. Participants at pilot sites who 
used VV weekly or every other week were more likely to 
report increases in F/V consumption at follow-up compared 
to people who rarely or never used VV.24 Frequent VV 
shoppers (n¼32) increased their F/V consumption by 0.41 
servings/day compared with a decrease of 1.19 servings/day 
for those who rarely/never used VV (n¼27). The total differ-
ence of 1.6 servings/day (P¼0.01) was approximately equiv-
alent to a 0.8-cup/day difference. Participants also reported 
that the VV helped them make other positive dietary 
changes, including eating healthier snacks and consumingless sodium and fewer “bad” fats. As with previous studies,
findings from the VV pilot suggest that changes to the com-
munity food environment could have a positive impact on
residents’ diets. Given the promise of VV pilot program and
other mobile market programs, there was a need for a more
rigorous study to better understand how changes to the food
environment would impact diet.17
This article discusses the design of VV and its evaluation
using a cluster randomized controlled trial (RCT) design. The
goal of the VV evaluation was to examine the effects of VV on
consumption of F/V in 12 lower-income and underserved
communities. Secondary outcomes included perceived access
to fresh F/V and self-efficacy to purchase, prepare, and eat
fresh F/V. While mobile market programs are becoming
increasingly popular, only one other study has used an RCT
design, and the findings are not yet available.25 This article
adds to the literature by detailing a rigorous evaluation of a
mobile market program that involves collaboration between
researchers, community groups, and businesses. Given the
limited research in this area, it is important to communicate
the various approaches to program development, imple-
mentation, and evaluation to guide future trials. The goal of
this article is to describe the development process and
theoretical approach used to design the VV program;
describe the methods for the evaluation of the VV program;
and describe the baseline characteristics of the study sample.
Main outcomes of this evaluation are published separately.26
MATERIALS AND METHODS
The VV programwas developed by the North Carolinaebased
nonprofit organization, Community Nutrition Partnership, in
collaboration with members of the research team. To inform
program development, 13 focus groups were conducted
across five counties in North Carolina to better understand
strategies for improving access to healthy food in lower-
income communities.27 On a postefocus group survey, 88%
of participants indicated that they would be likely to use a
mobile market program.28 The demonstrated interest in a
mobile market program led Community Nutrition Partner-
ship to develop the VV program. First, the VV program was
evaluated at one initial pilot site (a lower-income housing
community).24 Given the success and promise of the pilot
site, an expansion of the VV program was planned. In addi-
tion, funding was awarded to evaluate the VV program
cluster RCT. Findings from baseline data collected between
November 2013 and October 2015 are also reported.Theoretical Model
In addition to formative work, the Socio-Ecological Model
(SEM) and Social Cognitive Theory (SCT) informed the design
of this intervention. The SEM acts as a guiding framework for
addressing the complexities associated with dietary intake in
high-need populations. The SEM posits that multiple levels
(eg, individual, interpersonal, and community-level factors)
intersect to influence behavior.29 Programs that target change
in F/V availability in high-need communities are lacking, and
multi-level interventions are generally more effective than
those targeting a single level of influence.30
The SCT provides constructs that link individual psycho-
social and environmental changes to related dietary behav-
iors. The SCT offers the concept of reciprocal determinism,
which emphasizes the interdependent influences among in-
dividuals, their behaviors, and the environments in which
they live.31 This theory suggests that changing the food
environment alone is not enough, but how individuals
perceive and interact with that environment is also impor-
tant. Thus, the VV program was designed to address the
interplay among the physical food environment, individual
perceptions of their food environment, and self-efficacy for
F/V consumption using two primary intervention compo-
nents: food access component and educational component.
Together these components target multiple levels of change:
the food environment and individual level factors that affect
F/V consumption (Figure).
Self-efficacy, or the confidence in one’s ability to perform a
desired behavior, is a key psychosocial determinant empha-
sized by SCT.31 The VV educational component was designed
to increase self-efficacy for purchasing, preparing, and eating
F/V by decreasing individual-level barriers to F/V consump-
tion. Specifically, the educational component focused on
increasing behavioral capability, observational learning, and
outcome expectations/expectencies related to F/V consump-




Food Access Intervention 
Availability/Accessibility: 
Delivery to frequently visited 
locations in underserved 
communities 
Affordability: Priced to meet 
needs of community, accepts 
SNAP Benefits (food stamps) 
Acceptability: Responsive to 
cultural food norms; high 
quality, locally-grown produce 
Accommodation: Incentives, 
quality, customer education 
Perceived 
Access 
Figure. Conceptual model of the Veggie Van program’s effect on
behavior. Reciprocal determinism is a construct within Social Cog
factors interact and jointly influence behavior. In this case, we pr
caused by the Veggie Van program will be mediated by increase
perceived access to fresh fruits and vegetables.barriers presented by the food environment and subse-
quently change participant’s perceptions of it by addressing
multiple aspects of F/V access (availability, accessibility,
affordability, acceptability, and accommodation).16 As the
food environment shifts toward one of increased access to
F/V, individuals will have more opportunity to purchase high-
quality, affordable fresh produce. In order for them to take
advantage of those opportunities, they need to have self-
efficacy for buying, purchasing, and preparing fresh pro-
duce. As self-efficacy increases their ability to make the most
of the opportunities in the food environment, their perceived
access to fresh F/V should also increase. Based on the SCT,
greater perceived access and higher self-efficacy will work
synergistically (ie, the various parts work together to produce
an enhanced result) to increase F/V consumption. As the
educational component of the VV addressed replacing sugary
foods with F/Vs, an exploratory hypothesis was that increases
in calories as the result of increased F/V consumption would
be compensated for through decreases in sugar intake.VV Food Access Component
The VV program included a weekly mobile market program
where staff and volunteers delivered local, seasonal, subsi-
dized produce to locations at community partner sites. The
mobile market was set up at each location for approximately
2 hours each week; operated year-round; and accepted cash,
checks, Supplemental Nutrition Assistance Program elec-
tronic benefits, and credit/debit cards. The VV carried a va-
riety of high-quality seasonal North Carolina produce items,
which were available for individual sale or in “shares” (ie, a
box of F/V meant for a certain number of people). Shares were
available in two sizes: large (F/V for 4 to 5 people/week) or
small (F/V for 2 to 3 people/week). Shares were priced on a
sliding scale starting at $10 for a small and participants chose
the price they could afford without income verification. In
order to help customers decide what to pay, VV offered three
suggested price levels that included the cost of the produce
($10 small/$15 large); the cost of the produce and running




lessons/newsletter content on 
benefits of healthy diet 
Expectancies: Social marketing 
campaigns at community sites 
Observational Learning: 
Cooking demonstrations, social 
modeling 
Behavioral Capability: Recipes 
and food preparation tips  
Self- 
Efficacy 
reciprocal determinism among individuals, environment, and
nitive Theory that suggests that individual and environmental
opose that changes in fruit and vegetable (F/V) consumption
d self-efficacy to purchase prepare and eat F/V and increased
plus helping someone else in their community ($18þ small/
$23þ large). The lowest price was similar to that of conven-
tional produce (ie, not local or organic) available at discount 
supermarkets frequented by the target population and the 
middle price point was on par with local community-
supported agriculture programs. The lowest prices were set 
based on data collected in customer interest forms about 
household size and weekly F/V expenditures.
Most customers in the target communities included in 
this research chose to pay the lowest price, but other 
communities served by a Community Nutrition Partnership 
(eg, university faculty and staff, home delivery customers) 
that were not in this study, helped to support the program 
by paying more. In order to limit waste and help with in-
ventory planning, customers were encouraged to purchase 
shares (rather than individual items) through marketing 
and pricing. For example, customers paying the lowest price 
could receive additional discounts by purchasing several 
weeks’ worth of shares at once ($1e2 off per share). Indi-
vidual items were generally priced higher than the lowest 
(subsidized) share price. In January 2015, VV implemented 
an online ordering and payment system, which customers 
could use to pre-order and/or pre-pay for shares. While pre-
ordering shares and advanced payment were encouraged, 
VV made every effort to accommodate new customers and 
walk-ups.
All research participants received a one-time voucher for 
free produce (an approximately $10 value). Vouchers were 
sent to intervention participants at the completion of the 
baseline survey and control participants received their 
vouchers after follow-up with the start of the delayed inter-
vention. Because baseline data collection was conducted 
before program implementation, there was no guarantee that 
participants would actually utilize the VV program. The 
voucher had a 3-month expiration to encourage early VV 
usage and ensure that it would not affect follow-up F/V 
intake.
VV Educational Component
The VV team developed a nutrition education curriculum that 
could be delivered in short interactions when customers 
were waiting to pick up their shares. Each month had a 
theme and weekly lessons were built on that theme. Exam-
ples of monthly themes included eating locally and in season, 
reading food labels, healthy substitutions, using MyPlate, and 
reducing sugar intake. All customers and research partici-
pants received newsletters that reinforced the lesson of the 
week and featured seasonal produce. Nutrition education, 
recipes, and cooking demonstrations were offered at sites as 
regularly as possible (based on staff and volunteer availabil-
ity) and incorporated seasonal produce. Newsletters also 
included information about the current VV sites, hours and 
locations of mobile markets, and any program changes or 
special events. In order to facilitate intervention reach, the VV 
newsletter was e-mailed or mailed (based on participant 
preference) to all participants in the research study, regard-
less of whether or not they attended VV.
VV Evaluation
The VV program was evaluated using a cluster RCT. Twelve 
new community sites were recruited and randomized (two ata time) to receive the VV program or a delayed intervention
control. Follow-up data collection was planned for 6 months
post-baseline (while VV was still active at intervention sites).
After 6-month follow-up, control sites were offered the VV
program. Data collection at 12 months allowed the research
team to look at changes in the delayed-intervention group
and longer-term outcomes for intervention sites. All methods
for evaluation were approved by the Institutional Review
Board at the University of North Carolina at Chapel Hill;
consent procedures are described.
Site and Participant Recruitment
Community organizations predominately serving low-
income individuals and/or located in areas with limited ac-
cess to healthy food (eg, community/recreation centers,
lower-income housing communities, federally qualified
health clinics) were prioritized for study participation. Details
about the site recruitment process can be found elsewhere.32
Briefly, a site liaison was identified at each site to serve as the
primary contact for the program and assess community
member interest in VV. Potential VV customers were asked to
complete an interest form (online or paper) indicating their
likelihood of using VV, and forms were used to enroll indi-
vidual study participants at each site. In order to be eligible,
people had to be at least 18 years of age, speak and under-
stand English, act as the primary food purchaser for their
household, and indicate an interest in using the VV program.
Those that were eligible were asked to schedule a time to
complete a 30-minute telephone-administered baseline sur-
vey. Before being called to complete the survey, potential
participants received a consent document by e-mail or mail
and a sample portion size sheet to use when answering di-
etary intake questions. At the beginning of the survey phone
call, interviewers reviewed the consent document and
informed participants that their completion of the survey
would indicate their consent to participate in the study.
Randomization
Sites were recruited into the study on a rolling basis. Sites
with similar timelines (ie, they were on track to finish base-
line data collection around the same time) were randomized
at the same time (one to control and one to intervention) to
reduce the effect of seasonality. For the first four sites,
randomization occurred after all baseline data had been
collected. For the remaining sites, in order to balance pro-
gram implementation and research time lines, randomization
occurred after 15 participants were recruited at each of the
sites that were randomized together. Intervention sites were
informed of their randomization status immediately so that
they could start planning for the VV kick-off. Baseline data
collection continued at both sites until recruitment reached
25 participants (site goal) or the VV program started at the
intervention site. Control sites were informed of their inter-
vention status after baseline data collection was completed.
Data Collection
Data for this study were collected using three different
methods: interview-administered survey; Geographic Infor-
mation System (GIS) mapping; and VV sales data. Most in-
dividual data were collected via an interviewer-administered
survey conducted over the phone at baseline, 6 months, and
12 months. Interviewers were trained by the project manager 
to limit interviewer bias. Answers were entered directly into 
a web-based form developed using Qualtrics software33 to 
help facilitate skip patterns and minimize errors and missing 
data. GIS mapping was used to measure individual-level 
grocery store access (baseline) and sales data was used to 
measure VV usage (6 and 12 months). Sales data for study 
participants was extracted from VV sales records and shared 
with the research team.Survey Measures
Measures for VV were initially tested using cognitive in-
terviews at select pilot sites. Measures tested included: 
Perceived Nutrition Environment Measures Survey (NEMS-P), 
the National Cancer Institute’s F/V screener (a food frequency 
questionnaire), selected barrier and self-efficacy questions, 
and some additional food access and process measures that 
were created specifically for this study. Two cognitive inter-
view strategies were used: think-aloud interviewing and 
verbal probing. In “think-aloud” interviewing, researchers 
asked participants a question and then had them describe the 
processes they used in coming to an answer to the ques-
tion.34 For verbal probing, researchers asked a survey ques-
tion and then probed into the participant’s answer with 
follow-up questions.34 A convenience sample of VV cus-
tomers (n¼7) were recruited and each participant was 
interviewed by phone for approximately 45 to 60 minutes. 
Responses were analyzed for emerging themes and dominant 
trends across interviews. While participants understood 
many of the questions, some questions were challenging for 
participants to answer because of their wording, response 
options, ordering, and relevance. The research team met to 
review the findings and agreed upon which questions should 
be modified to improve face validity (ie, does the question 
measure what it is supposed to) and comprehension in the 
target population. Questions were modified as described in 
the Measures section.
F/V Intake. The main outcome—change in F/V 
consumption—was measured using a modified version of the 
National Cancer Institute F/V screener.35 This food frequency 
questionnaire collects frequency (“Over the last month, how 
many times did you eat [fruit/vegetable category]?”) and 
portion size (“Each time you ate [fruit/vegetable category] 
how much did you usually eat?”) for several categories of F/V 
and uses a validated formula to calculate average F/V cups/
day over the past month.36 Results from the cognitive inter-
view process prompted changes in the response options to 
allow participants to give an open answer (eg, three times per 
week) rather than selecting from a set range as in the original 
measures (eg, two to four times per week). During the pilot 
study, some participants wanted to report consumption of 
dried fruit, so an additional question was added to reflect this 
category. The final F/V outcome variable was comprised of 
foods from 10 categories: 100% fruit juice, fruit (canned, fresh, 
or frozen), dried fruits or vegetables, lettuce salad, fried 
potatoes, other potatoes, beans, tomato sauce, vegetable 
soup, and other vegetables. During the pilot, it was found that 
frequency of F/V consumption was similar across all partici-
pants at follow-up, but portion-size reports had decreased, 
leading to an overall decrease in F/V consumption. This couldhave been due to participants gaining a better understanding 
of portion sizes at follow-up as a result of the VV educational 
component. To address this for the current study, portion-
size example sheets were included in participant packets 
and they were asked to have it present during data collection.
Sugar Intake. Seven items were selected from the National 
Health and Nutrition Examination Survey Dietary Screener to 
capture self-reported consumption of added sugars in the 
past month, including sugar-sweetened beverages, chocolate 
or candy, pastries, desserts, or ice cream.37
Perceived Access to Fruits and Vegetables. A three-
question perceived access scale was used to measure 
participants’ perceptions of access to fresh F/V in their 
neighborhood, the area surrounding the VV community site 
at which they were recruited, and in general. The following 
items were selected from the NEMS-P38: “It is easy to buy 
fresh fruits and vegetables [in my neighborhood/around 
community sites/ in general];” “There is a large selection of 
fresh fruits and vegetables [in my neighborhood/around 
community site/in general];” “The fresh fruits and vegetables 
[in my neighborhood/around community site/in general] are 
high quality.” The prompt, which was slightly modified from 
previous scales based on cognitive interviewing, asked par-
ticipants to “think about their neighborhood as the area 
within a 20-minute walk or about a mile from their home/
community site.” An additional question was added to the 
general access scale: “I can afford to buy enough fresh fruits 
and vegetables for my family.” For all perceived access 
questions, participants chose responses from a 5-point Likert 
scale (“strongly agree”¼5 to “strongly disagree”¼1). Each 
three-item scale was summed to create a perceived access 
score by location. Possible perceived access scores range from 
3 points (strongly disagree to all items) to 15 points (strongly 
agree to all items), with a midpoint of 8 points. The fourth 
item on affordability was developed by the research team and 
refined using the cognitive interviewing process. Because it 
was not part of the original perceived access scale, responses 
were analyzed separately.
Barriers. A total of 12 questions were used to assess self-
reported barriers to eating F/V. Questions were measured 
using a 4-point Likert response scale about each of the 
following empirically derived barriers: time, preparation 
skills, transportation, cost, liking, family preference, storage 
space, restaurant availability, and work availability. For 
analysis, strongly agree/agree and strongly disagree/disagree 
response options were combined to create a dichotomous 
variable. Items shown in Table 1 were adapted from a scale 
previously tested in lower-income adults,15 and reflect com-
mon benefits/barriers found in the literature.14,15,39,40
Self-Efficacy. Self-efficacy to purchase, prepare, and eat 
fresh F/V was measured using a 10-point Likert scale (1¼very 
easy, 10¼very hard). A selection of 10 items were adapted 
from a study of shoppers where self-efficacy was shown to be 
correlated with nutrition behaviors.41 Participants were 
prompted to consider: “There are a number of different ways 
that people find time to buy, fix, and eat more fruits and 
vegetables. We would like to know how easy or hard you 
would find each of the following things to do.” Participants
Table 1. Barriers to fruit and vegetable consumptiona self-reported on the baseline survey by 201 adults participating in a
randomized mobile market intervention
Barriers Questions % Strongly agree or agree
General It is easy for me to eat fruits and vegetables. 87.6
Time I do not have time to prepare fruits and vegetables. 20.4
Preparation skills I do not know how to prepare fruits and vegetables. 7.0
Transportation I do not have transportation to get to a place where
I can get fruits and vegetables.
10.0
Cost It costs too much money to buy fruits and vegetables. 55.7
Liking, fruit I do not like fruits. 3.0
Liking, vegetables I do not like vegetables. 1.5
Family preference, fruit My family does not like fruits. 3.0
Family preference,
vegetables
My family does not like vegetables. 6.5
Storage space I do not have enough space to store fruits and
vegetables in my home.
6.0
Restaurant availability The restaurants I go to do not offer fruits and vegetables. 7.0
Work availability Fruits and vegetables are not available at my work
(in the cafeteria or other vending outlets).
37.3
aQuestions adapted from a previously tested survey examining benefits, barriers, and facilitators to eating fruits and vegetables.14
Table 2. Self-efficacya for buying, eating, and preparing
fruits and vegetables self-reported on the baseline survey
by 201 adults participating in a randomized mobile market
intervention
How easy or hard would
it before you to. Meanb–SDc
Buy more fruits and vegetables than you
normally do the next time you shop?
3.92.9
Use all of the fruits and vegetables that
you buy before they go bad?
3.92.7
Work more fruits and vegetables than
you normally do into meals for yourself
and your family?
3.62.6
Work more fruits and vegetables than
you normally do into snacks for yourself
and your family?
3.82.8
Cook vegetables in a way that is
appealing to your family?
3.52.7
Make-up a vegetable dish with
what you have on hand?
3.72.8
Try vegetables that you have not
eaten before?
5.03.2
Prepare and cook new recipes 3.82.9
aSelf-efficacy questions adapted from a Social-Cognitive Model of Nutrition Behavior.41
bFrom 1¼very easy to 10¼very hard.
cSD¼standard deviation; accounting for clustering by site.were also asked about the importance of eating more F/V 
using a 10-point Likert scale (1¼not at all important; 10¼very 
important): “Considering all of the things that require your 
time, attention, and money, how important is it for you to 
find ways to buy and fix more fruits and vegetables for 
yourself and your family?” All self-efficacy questions are 
presented in Table 2.
Shopping Behavior. Selected shopping behavior questions 
were taken from the NEMS-P.38 Participants were asked 20 
questions to capture information about food shopping fre-
quency, methods of transportation to food stores, and per-
ceptions of produce prices, quality, and variety at the store 
where they most frequently shopped for food.
Demographics. Demographics collected at baseline 
included age, sex, race/ethnicity, household income, marital 
status, education, and receipt of government assistance. To 
assess government assistance, participants were asked to 
indicate whether anyone in their household participated in 
the following programs within the past 12 months: Supple-
mental Nutrition Assistance Program or “food stamps,” Spe-
cial Supplemental Nutrition Program for Women, Infants, and 
Children, free- or reduced-price school breakfast or lunch, 
Head Start, food pantry, Medicaid, or Temporary Assistance 
for Needy Families or welfare. Self-reported height and 
weight (from the baseline survey) was used to compute body 
mass index.
GIS Measures
Participant addresses and food stores were batch geocoded 
using the Google Maps geocoding application programming
interface through the BatchGeo42 website. ReferenceUSA43 
was used to identify food stores. ReferenceUSA verifies the 
listings in this online business database on a yearly basis via 
phone44-46 and the research team verified listing at the time 
of mapping for any listing that did not geocode at the highest 
level of accuracy (according to BatchGeo42) through Google 
searches and satellite imagery. A custom search identified 
supermarkets, grocery stores, supercenters, and convenience 
stores (with or without gas stations) for each of the study’s 
four counties (Alamance, Durham, Orange, and Wake). Using 
the North American Industry Classification System,47 the 
following codes were used to identify supermarkets (445110), 
grocery stores (445110), convenience stores (445120), con-
venience stores with gas stations (447110) and supercenters 
(452910). To characterize the food environment context 
around each participant, ArcGIS10.248 was used to calculate 
the number of each type of store within a 1- and 3-mile 
radius of participants’ homes.
Power Analysis
Our original power analysis was based on F/V servings/day as 
calculated by the National Cancer Institute F/V screener.26 
Sample size estimates considered correlated change in F/V 
intake among participants within a community site (intra-
class correlation coefficient), number of participants within 
each site, and number of sites (clusters).49,50 The VV program 
was expected to increase the F/V consumption by least 1.25 
servings per day or approximately 0.75 cups/day (effect size 
of approximately 0.35) based on the VV pilot.24 A sample size 
of six communities per group with 20 participants in each 
community yielded 0.80 power to detect 0.75-cup difference 
in mean changes between two groups using two-sided tests 
of significance at P¼0.05, assuming an intraclass correlation 
coefficient of 0.001 and standard deviation (SD) of 3.6 based 
on other cluster randomized trials.51 Attrition was assumed 
to be no more than 20%, based on the pilot study.24 Thus, a 
final goal was to recruit at least 25 participants in each 
community, for a total of 300 participants.
Data Analysis
Baseline sample characteristics, including sociodemo-
graphics, dietary intake, perceived F/V access, barriers to F/V 
intake, and food environments based on GIS mapping, were 
analyzed using descriptive statistics and are presented as 
means and SDs (and medians for main scales of interest) for 
continuous variables and as percentages for categorical var-
iables. Sample characteristics are presented for the entire 
sample and by intervention and control group. Comparisons 
between intervention and control account for clustering 
within sites. Baseline values for selected psychosocial vari-
ables for the entire sample are also presented. All descriptive 
analyses were conducted using Stata software, version 9.52
RESULTS
Demographic characteristics presented for all study partici-
pants (n¼201) and by intervention and control conditions, 
are shown in Table 3. Most participants were female (93.0%), 
African American (61.1%), had a household income between
$10,000 and $30,000 (32.0%), and reported never being 
married (47%). The mean age was 45.2 (SD¼13.6) years and 
mean body mass index was 31.3 (SD¼7.7). The majority(62.6%) reported receiving at least one form of government 
assistance. A total of 113 participants were recruited in sites 
randomized to the intervention group and 88 in sites ran-
domized to the control group.
Food Access and Shopping Behaviors
The mean overall perceived access score among participants 
was 11.1 (SD¼3.1, median¼12), and 57.7% of respondents 
agreed or strongly agreed that they could afford enough fresh 
F/V for their family (data not shown). Perceived access to 
fresh F/V near participants’ homes was slightly lower 
(mean¼10.3, SD¼3.4, median¼11). A score of 10.3 indicated 
that, on average, participants somewhat agreed that a good 
variety of high-quality F/V were available within 1 mile of 
their home. Among all perceived access subscales, perceived 
access in relation to the 1-mile radius around the community 
site was rated lowest by participants: mean¼8.5 (SD¼3.4, 
median¼8). On average, GIS mapping identified 2.0 (SD¼2.1) 
grocery stores, supermarkets, or supercenters and 4.3 
(SD¼4.3) convenience stores within 1-mile of participants’ 
homes (Table 3).
When asked where participants did the majority of their 
shopping, participants answered as follows: supermarket 
(71.1%), supercenter (24.9%), small grocery store (2.5%), other 
(1.0%), and farmers’ market (0.5%). The majority of people 
shopped for groceries at least once per week (62.2%) and 
traveled to the store in their own car (78.6%); only 10% of 
people reported using public transportation or active travel 
(ie, walking, biking) to get to the store and the rest reported 
traveling with a friend or borrowing a car.
Dietary Behaviors and Attitudes
On average, F/V consumption was 3.4 (SD¼2.5, median¼2.8, 
range¼0.03 to 23.1) cups/day and participants reported 2.1 
(SD¼2.2, median¼1.7, range¼0 to 20.1 cups/day) servings/
day of added sugars (Table 3). Self-reported barriers to F/V 
consumption are detailed in Table 1. Participants reported 
few barriers to eating F/V; 87.6% agreed or strongly agreed 
that it was easy for them to eat F/V. The most frequently 
reported barriers were cost (55.7%) and time (20.4%). Also, 
among people who worked, 37.3% said that they did not have 
F/V available at their workplace. Self-efficacy for buying, 
preparing, and eating F/V is detailed in Table 2. Of all scale 
items, participants reported the lowest self-efficacy for trying 
new vegetables; on a scale of 1 to 10 points, with 10 points 
being very hard, participants rated this 4.9 (SD¼3.2) points. 
All other scores were rated a 4.0 or lower, indicating that 
participants were somewhat confident in their ability to carry 
out these behaviors. Participants reported high ratings in 
response to the questions asking about the importance of 
eating more F/V: 9.0 (SD¼1.5) points on a scale of 1 to 10 
points (data not shown).
DISCUSSION
This study is an example of applying a community-based 
approach to developing and evaluating a food-access inter-
vention. Studies have shown that community-based in-
terventions can be an effective way to produce behavioral 
and environmental change in a community setting.53 This is 
one of the first cluster RCTs to evaluate a mobile produce 
market and, to date, the only one implemented by a nonprofit
Table 3. Baseline characteristics of 201 adults participating in a randomized mobile market intervention in North Carolina





Male 14 (7.0) 12 (10.6) 2 (2.3)




Age, yc 45.213.6 45.814.2 44.412.6 0.61
No. of adults in household 2.01.1 2.01.3 1.90.9 0.79




Hispanic/Latinod 9 (4.5) 7 (6.3) 2 (2.3) 0.33
Racee 0.70
Black/African American 123 (61.1) 70 (63.1) 53 (60.9)
White 66 (33.3) 35 (31.5) 31 (35.6)
Asian 1 (0.5) 1 (0.9) 0 (0)
American Indian 1 (0.5) 1 (0.9) 0 (0)
Other 3 (1.5) 1 (0.9) 2 (2.3)
More than one race 4 (2.0) 3 (2.7) 1 (1.2)
Marital statusf 0.18
Married 66 (33.0) 34 (30.4) 32 (36.4)
Never married 94 (47.0) 54 (48.2) 40 (45.5)
Divorced/departed 29 (14.5) 16 (14.3) 13 (14.7)
Widowed 11 (5.5) 8 (7.1) 3 (3.4)
Education 0.14
Less than college 74 (36.8) 48 (42.5) 26 (29.6)
Some college 50 (24.9) 28 (24.8) 22 (25.0)
College graduate 40 (19.9) 18 (15.9) 22 (25.0)
More than college 37 (18.4) 19 (16.8) 18 (20.4)
Annual household incomeg 0.29
<$10,000 38 (21.0) 27 (27.0) 11 (13.6)
$10,000-29,999 58 (32.0) 33 (33.0) 25 (30.9)
$30,000-49,999 41 (22.7) 17 (17.0) 24 (29.6)
$50,000 44 (24.3) 23 (23.0) 21 (25.9)
meanSD!
Body mass indexh 31.37.7 31.17.6 31.17.6 0.73
n (%)!
Receiving government assistance 0.96
No 77 (38.3) 43 (38.1) 34 (38.6)
Yes 124 (61.7) 70 (61.9) 54 (61.4)
SNAPi 68 (34.3) 37 (33.0) 31 (36.0)
WICj 36 (18.2) 16 (14.3) 20 (23.3)
Free/reduced price lunch 62 (31.3) 37 (33.0) 25 (29.1)
Medicaid 90 (45.5) 55 (49.1) 35 (40.7)
TANFk 7 (3.5) 6 (5.4) 1 (1.2)
(continued on next page)
Table 3. Baseline characteristics of 201 adults participating in a randomized mobile market intervention in North Carolina
(continued)
Variable Entire sample (N[201) Intervention (n[113) Control (n[88) P valuea
meanSD!
Fruit and vegetable, cups/d 3.42.5 3.32.2 3.52.9 0.49
Added sugars, cups/d 2.12.2 2.42.6 1.81.4 0.08
Food stores within 1 mile
Convenience stores 4.34.3 4.64.2 3.94.4 0.60
Grocery stores 1.01.6 1.01.7 0.91.4 0.93
Supermarkets 0.91.0 0.90.9 0.91.0 0.95
Supercenters 0.10.4 0.10.3 0.20.5 0.23
aP values presented for between-group differences adjusted for clustering by site.
bSD¼standard deviation.
cAge n¼199; data were missing from two participants from the control group.
dHispanic/Latino n¼199; data were missing from one participant from the intervention group and one participant from the control group.
eRace n¼198; data were missing from two participants from the intervention group and one participant from the control group.
fMarital status n¼200; data were missing from one participant from the intervention group.
gIncome n¼181; data were missing from 13 participants from the intervention group and seven participants from the control group.
hBody mass index n¼186; data were missing from five participants in the intervention group and 10 participants from the control group. Body mass index calculated as kg/m2.
iSNAP¼Supplemental Nutrition Assistance Program or “food stamps.”
jWIC¼Special Supplemental Nutrition Program for Women, Infants, and Children.
kTANF¼Temporary Assistance for Needy Families.organization and evaluated in cooperation with researchers. 
This collaborative approach was important, as mobile market 
interventions implemented by researchers may be less likely 
to continue past the initial evaluation stage, despite prom-
ising results. In addition to measuring the impact of the 
program itself, this research could potentially guide nonprofit 
organizations that are planning or running mobile market 
programs. If successful, the next step for this program would 
be to test its implementation in cooperation with multiple 
nonprofit organizations in different communities and 
populations.
This research design addressed several practical concerns 
that are unique to the evaluation of food retail interventions. 
The study methods balanced the need to maintain engage-
ment with community partners who were hosting the VV 
program and assisting with recruitment and the need for 
research integrity. The original study plan was to randomize 
sites as one large group, however, it became clear throughout 
the site recruitment process that this would result in signif-
icant delays for the research. A detailed discussion of the 
recruitment process can be found elsewhere,32 but ultimately 
it was decided that sites should be randomized based on 
similar timelines after they had completed the majority of 
data collection. This helped to ensure similarity between 
intervention and control sites with regard to seasonality and 
limit the lag time between baseline and the start of the VV 
program, as sites needed at least 2 months from the point of 
randomization to launch a VV program. Although the inter-
vention group was larger, this may have occurred because the 
participant pool (ie, the number of people who completed 
interest forms) was larger at intervention sites due to the fact 
that those sites were larger and/or their interest form 
collection periods were longer.26,32 While recruitment rates 
were slightly higher for the interventions sites (40.8%) vscontrol sites (36.8%),26 these difference were not statistically 
significant (P¼0.36).
Despite adaptations made to the recruitment process, 
recruitment goals were still not reached. Limited funding and 
grant timelines (this was initially funded as a 2-year evalu-
ation but ultimately took almost 4 years) hindered expansion 
of data collection to more sites32 and reduced the power of 
the study. A detailed discussion of the implications of the 
sample size can be found in the main outcomes paper.26 
Future research should consider employing strategies sug-
gested in the recruitment paper for this study, such as 
improved community engagement,32 or consider natural 
experiments or other designs, such as a time series, that do 
not require randomization.54
One major challenge of conducting an efficacy trial of an 
intervention that requires paid opt-in (ie, participants need to 
choose to buy a product if they want to benefit from the 
intervention) is that many people may decide not to purchase 
the product and thus never receive any intervention dosage. 
The interest form process, newsletters, and vouchers were 
used as strategies to provide enough intervention exposure to 
be able to determine program efficacy. Interest forms were 
used to ensure that VV had enough participants to be sus-
tainable and that individuals recruited for the study would be 
likely to use the VV program. While the use of interest forms 
for recruitment limits generalizability of the results to in-
dividuals with an interest in buying more F/V, it was also 
important for an efficacy trial to have as many research 
participants that use VV as possible. Providing newsletters 
and a voucher for a free share to every research participant 
ensured a minimal level of exposure to the educational aspect 
of the VV and encouraged participants to try VV at least once. 
While these were additions to the way the VV had been 
implemented previously by Community Nutrition
1. Centers for Disease Control and Prevention. State-specific trends in
fruit and vegetable consumption among adults—United States, 2000-
2009. MMWR Morb Mortal Wkly Rep. 2010;59(35):1125-1130.
2. Centers for Diease Control and Prevention. The Power of Prevention:
Chronic Disease...The Public Health Challenge of the 21st Century.
Washington, DC: National Center for Chronic Disease Prevention and
Health Promotion; 2009.
3. Centers for Disease Control and Prevention. State Indicator Report on
Fruits and Vegetables, 2013. Atlanta, GA: Centers for Disease Control
and Prevention, US Department of Health and Human Services; 2013.
Partnership (ie, at sites not part of this evaluation), they were 
feasible additions to the program that were planned with the 
VV team and could be easily implemented outside the 
context of this study. In addition to the vouchers and news-
letters, the research team plans to conduct a sensitivity 
analysis to compare program users to nonusers. Usage data 
from the current trial can be used to inform future effec-
tiveness trials and power analyses.
Baseline results indicate that the study reached a popula-
tion that had a financial need for the program. Consistent 
with previous research among lower-income populations, 
participants reported few F/V-related barriers besides cost 
and time.15,55 Overall reported self-efficacy was generally 
good for purchasing, preparing, and eating F/V, but partici-
pants reported the lowest relative self-efficacy levels for 
buying more F/V and trying new vegetables. On average, 
study participants believed that eating more F/V was of high 
importance, but despite this they consumed only a little more 
than 3 cups/day. This is lower than what is recommended by 
federal dietary guidelines,56 but consistent with other 
research among recipients of government assistance, who 
also may face financial barriers to purchasing F/V.57 It should 
be noted that this study used a modified version of the Na-
tional Cancer Institute F/V screener and results may not be 
comparable with other studies. While changes were made as 
a result of usability testing with the target population, the 
validity of the modified screener is unknown.
While perceived access measures vary from study to study, 
the initial testing of the NEMS-P tool (from which our mea-
sures were drawn) indicated mean item scores ranging from 
3.6 in lower-income communities to 4.5 in higher-income 
communities.38 The lower-income neighborhood scores are 
comparable with our perceived access score for the home 
food environment, which averaged 3.5 per item (10.6 overall). 
This score generally indicates that participants felt they had 
some access to healthy foods. This subjective finding was 
confirmed by GIS data, indicating that, on average, partici-
pants had one supermarket or grocery store within a mile of 
their home.
CONCLUSIONS
These findings support the need for a program like VV, as the 
target population is currently not meeting daily recommen-
dations for F/V intake. The intervention components are 
designed to address the most frequently reported barriers to 
F/V consumption in this population. Specifically, VV aims to 
address financial barriers by offering low-cost produce, 
address time barriers by making F/V available in convenient 
locations, and address self-efficacy for trying new vegetables 
by providing nutrition education, taste testing, and seasonal 
recipes.
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